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The various measures of biodiversity available on the WORLDMAP PC-program are discussed. Data on Mariscus Vahl 
(Cyperaceae) are used to illustrate these measures as well as to elucidate the choosing of prioritized conservation 
areas in southern Africa. 
Die verskillende biodiversiteit-maatstawwe beskikbaar met die WORLDMAP PR-program word bespreek. Data oor 
Mariscus Vahl (Cyperaceae) word gebruik om die melings te illustreer sowel as om te wys hoe voorkeur-
bewaringsgebiede in suidelike Afrika gekies kan word. 
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Introduction 
The relentless, almost unchecked march of heyday civilization 
on wilderness areas will undoubtedly cause the extinction of a 
number of plant and animal species in the future. 
Conservation has become equivalent to the attempt to prevent 
animals and plants from becoming extinct (Soule 1986). The 
maintenance of a high biodiversity has in today's context become 
synonymous with conservation. However, biodiversity is no easy 
tenn to understand, for it can mean many things. The days seem 
to be gone when diversity was measured as species richness per 
se [see article by Walker (1992)] and where conservation applied 
only to the more apparent and endangered species (Myers 1979). 
Diversity also includes a notion of difference. Williams (1993) 
pointed out that ' ... with the shift of emphasis from the concern 
for particular endangered species to the broader threat of mass 
extinctions, conservationists have become more in terested in the 
relative diversity of whole biotas. In comparing diversity, they 
have called for greater value to be given to biotas consisting of 
species that are taxonomically particularly distinct .. .' See, for 
example, the publication by IUCN, UNEP and WWF (1980). To 
this end, numerous phylogenetic measures of diversity have been 
proposed [see articles by Williams et a/. (in press) for extensive 
literature references, and Hall (1993) for a similar approach]. 
Vane-Wright er al. (1991) and Williams et al. (1991 & in 
press) have proposed diversity measures which not only take the 
number of taxa into account, but also bear some measure of the 
degree of disparity amongst them. Disparity between species is 
measured in terms of their genealogical relationships inferred 
from cladistically based classifications. By using the comple-
mentarity in species composition between floras, stepwise proce-
dures can identify optimal sequences of priority areas for 
biodiversity protection. In addition, two diversity meas•Jres 
employed, the richness-in-character and richness-in-character-
combinations measures (see below), are considered to be perti-
nent to the goal of conserving the concept of option value. For 
more details on the concepts of biodiversity and the aims of bio-
diversity conservation, see articles by Williams (1993) and Wil-
liams et al. (in press). 
Williams (1994) bas developed a PC-based program (WORLD-
MAP) whereby the above-mentioned taxonomic differences 
among species can be measured . Furthennore, WORLDMAP can 
also be used to find a sequence of priority areas that accounts for 
the maximum biodiversity at each step. Early versions of 
WORLDMAP employed a map projection based on a 10°-square 
grid, covering all the major land masses of the world. By kind 
cooperation, map projections for southern Africa have been 
developed. Although a 1 °-square grid would challenge the 
assumption of homogeneity of sampling effort to a lesser extent, 
it was thought that the unique species richness of especially the 
Fynbos warranted a smaller grid. To date, a '11°-square and a •A 0 -
square grid of southern Africa as well as an 1/s0-square grid of 
the Cape Floristic Region have been made available. 
By using data of Mariscus by Vorster (1978, 1983) and the '11°-
square grid, we hope to show some of the benefits WORLDMAP 
has for conservation in southern Africa. According to Williams 
et al. (1993), 'WORLDMAP's graphical display of the amount of 
diversity left in all areas at each step provides the flexibility to 
accommodate the many socio-economic constraints in conserva-
tion planning and yet still make optimal choices for the protec-
tion of biodiversity' . 
WORLDMAP diversity measures 
For a de tailed explanation of the various diversity measures see 
articles by Vane-Wright et al. (1991), Williams et al. (1991, 1993 
& in press) and Williams and Humphries (1993). 
Richness in species 
The unweighted taxon richness is probably one of the most ele-
mentary measures of diversity. I t is a count of the number of 
different species recorded in a particular area. The range of 
scores between the maximum and minimum for a square with 
any taxa present is divided into five colour classes. The highest 
scoring square and any ties are plotted in red and the lowest in 
blue. 
Richness in characters 
This is a measure of species richness with higher weights for 
those biotas that have a larger richness of individual characters 
among species (i.e. a greater proportion of subgroups). The num-
bers of taxa per square are plolted on the grid as a percentage of 
the total tree length score for all the taxa in the clade. A mean 
count is also provided. Because the mentioned counts are meas-
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ured in terms of the number of branching points between taxa, 
there must be at least two taxa in a square before its score can be 
greater than zero. 
Richness in character combinations 
Floras that are richer in different combinations of species' char-
acters, i.e. floras that arc (a) species-rich, (b) have species that 
are cladistically divergent, and (c) have species that arc most 
evenly spread across the subgroups of the cladogram, arc 
assigned a higher weighting. The latest version of WORLD MAP 
uses a discrete p -median (introduced from the Operations 
Research literature) to measure the regularity of the species' dis-
tribution across the cladogram . A mean character combination 
count is also provided. Because species arc weighted from the 
evenness of pairwise comparisons, only biotas with at least three 
species will receive a meaningful diversity score. lliotas with 
one or two species are given an arbitrary score of zero, although 
their presence is still registered on the map. 
Richness in endemic species 
Species endemism in general terms is a measure of rarity as 
applied to a geographical range size (Rabinowitz 1981 ). In this 
sense it is not, strictly speaking, a diversity measure. As opposed 
to absolute endemism, WORLDMAP identifies centres of ende-
mism by employing an endemism-weighted species richness 
measure. This is the sum of the rarity scores of each species, i.e. 
the inverse frequency of occupancy among all the squares with 
records. WORLDMAP also provides a mean endemism measure. 
Early-diverging species 
Species are measured individually according to their genealogi-
cal dist inctiveness. lly measuring how close-to-root a species is 
in comparison with all of the species in a cladogram, early-
diverging 'relic ' taxa with few surviving close relatives are 
assigned a higher weighting. The number of taxa per square, 
each weighted by its individual root weight, is plotted on the grid 
as a percentage of the total root score for all the taxa in the clade. 
A mean close-to-root measure is also provided. The use of this 
measure as a diversity gauge is, however, not recommended. 
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Results and Discussion 
The advan tage of using a \1°-square grid as opposed to a 1°-
squarc grid is obvious when compared to the results of Vorster 
(1983) on Mariscus. He found the grid 2930 (Picterrnaritzburg/ 
Durban area) to be the most species-rich with 17 species. Closer 
inspection of this grid revealed that the 29300 \1°-squarc grid 
(Valley of a Thousand Hills region) contributes a full 10 spe-
cies. WORLDMAP identified two areas, namely grid 2732A 
and 3228C, to be the most species-rich, each with 11 species 
(Pigure 1 ). 
Vorstcr ( 1983) mentioned that the ' ... southern African sub-
genera and sections, if not species [of Mariscus]. exhibit a low 
degree of endemism and must be seen as a mere extension of the 
large pantropical distribution of the genus.' This is verified by 
WORLDMAP. Grid 2829C (Cathedral Peak, Natal Drakcnsbcrg) 
is shown to be the most endemic owing to M. drakensbergensis 
Vorster being known only from one locality in this grid. The grid 
possess ing the second most endemic species is 2230C (Eastern 
Soutpansberg). M. solidus (Kunth) Vorster subsp. bloubergensis 
Vorstcr is confined to the Bloubcrg and Soutpansberg. M. cyfin-
dristachys Steud. is known from two localities in southern 
Africa, one being the eastern Soutpansberg and the other in 
Namibia. The latter species is, however, widely distributed 
throughout the moister parts of tropical Africa. Willimns and 
Humphries (1993) found a low coincidence of highest priority 
areas between endemism and cladistic diversity. The data on 
Mariscus concur with this. 
The richness- in-character and richness-in-character-combina-
tions measures both identify grid 3228C as the prime spot for 
diversity. The richness-in-character-eomhinations measure, for 
example, opts for this grid because it maximi1.es the combina-
tions of genetic or morphological features, i.e. the species rrom 
3228C are more evenly spread across the subgroups of the c lado-
gram than those from 2732A. The success of this measure with 
regard to the afore-mentioned can be seen when comparing 
Figures 2a and 2b. 
Which measures to use? 
Most conservationists will agree that dive rsity must also include 
Figure 1 Species richness of Mariscus. Scores arc the raw absolute numbers of Mariscus species recorded in each grid. The range of scores 
between the maximum and minimum for a square is divided into five colour classes. T he highest scoring square and any lies arc plotted in red 
and the lowest in blue. Each grid corresponds to a 1/z0- square grid. 
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m1rer s. maur mater s. macer 
sumatrensls sumalrensis 
macror•rpus macrocarpus 
pseudovestitus pseudovestilus 
lebomboensls 
dubius dubius 
dregeanus dregeanus 
lndetorus indetorus 
albomarginalus albomarginatus 
chersinus 
capensis capensis 
II 
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..---- - - thunbtrgil 
tabulatis s. tabularis 
tabularis s. major 
.---- drakensbergcnsis 
solidus s. solidus 
solidus s. hloubcrgensis 
durus 
owanii 
grantii 
congestus 
kenicnsis 
la.inorus 
.-- - cylyndristachys 
sublimis 
macer s. macer 
macer s. magaliesmontanum 
sumatrensis 
macrocarpus 
brcviradius 
vestitus 
pscudovtstitus 
lebombocnsis 
dubius 
drcgcanus 
macro pus 
indctorus 
rchmannianus 
nomaqucnsis 
albornarginatus 
ultcnhagensis 
chersinus 
capensis 
confusus 
lichtcnburgensis 
fulgcns 
usilatus v. macrobulbos 
usitatus v. usitatus 
Figure 2 Cladogram for Mariscus. (a) Species occurring in grid 2732A. (b) Species occurring in grid 3228C. (c) All the species. 
some notion of the degree of difference among species. WORLD- Table 1 Priority-area analysis of Mariscus using the rich-
MAP provides five different measures of diversity. Williams et ness-in-character-combinations measure 
al. (1993) are of the opinion that the richness-in-character-
Choices Taxa Diversity 
combinations measure appears to be closest to seeking out the 
pattern of difference valued in the popular concept of diversity. Step Area Abs Inc CUm Inc% Cum % Grid 
Priority-area analysis 1231 11 11 11 74.25 74 .25 3228C 
It is possible to identify biodiversity centres in a region, e.g., it is 2 1252 5 4 15 10.00 84.25 3327A 
generally accepted that the Kogelberg area is a prime spot for 3 797 10 5 20 4.50 88.75 2528C 
conservation because it is species-rich and has a high degree of 4 89 7 4 24 2.75 91.50 1731C 
endemism (Oliver et al. 1983). The problem in choosing priority 5 544 7 2 26 1.25 92.75 2230C 
areas arises from proposing further areas from those remaining 
6 1079 10 2 28 1.25 94.00 29300 once the initial site has been identified. In order to set up an effi-
cient network of conservation areas, it is necessary to choose fur- 7 1013 3 29 1.00 95.00 2829C 
ther areas in such a way that the maximum diversity possible is 8 1256 3 30 1.50 96.50 3319C 
conserved. According to Vane-Wright et al. (1991), this more 
9 764 5 2 32 1.00 97.50 2531D precise prioritization requires taxonomic inventories, diversity 
measures as well as complementarity. WORLDMAP provides all 10 615 2 2 34 1.00 98.50 2321D 
three. 11 1200 4 35 0.50 99.00 3224B 
With the aid ofWORLDMAP, a sequence of areas can be cho- 12 1098 3 36 0.50 99.50 3025B 
sen in an order that represents their priority for the conservation 
13 85 37 0.50 100.00 1729C of biodiversity. The results of such an analysis are not only visi-
ble graphically, but are also printed to an ASCII file (Table 1). 
It can be discerned from the table that using the richness-in-char-
acter-combinations measure for Mariscus, 13 different areas 
were needed to conserve 100% of the species. The first area, second area, 3327 A, contributes an additional 10% diversity. 
3228C, represents 74.25% of the diversity in Mariscus. The Areas 1 and 2 together, therefore, account for 84.25% of the 
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diversity in Mariscus, etc. Area choices are made here without 
any consideration of existing conservation areas, or of political, 
economic or population viability constraints, although all of 
these could be taken into account. 
Recent versions of WORLDMAP have an additional automated 
function for searching a near-minimum set of priority areas to 
represent every taxon by a chosen number of times. In the exam-
ple below, the default goal of a single representation of each taxon 
was used. The automated area selection procedure consists of 
three stages, with the results printed to an ASCII file (Tables 2- 5). 
The first stage (data pass 1) collects a sequence of grids to 
maximize the complementary endemism score at each step (Table 
2.). An option is given where areas may be preselected before the 
advent of a search for a minimum set of areas. The format of the 
table is similar to that of Table 1, except that a column indicating 
the number of ties occurred at each step, is added. 
Table 2 Data pass 1: Set of Mariscus taxa chosen by 
WORLDMAP employing a single-step priority-areas analy-
sis using the richness-in-endemic-species measure, with 
the goal of representation of all taxa at least once 
Choices Taxa Diversity Ties 
Step 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Area Abs Inc Cum 
1013 3 3 3 
544 7 7 10 
1079 10 6 16 
67 5 3 19 
615 2 2 21 
914 11 3 24 
797 10 5 29 
89 7 2 31 
1252 5 2 33 
1213 3 2 35 
1251 9 36 
586 7 37 
Inc o/o 
21.42 
20.25 
11.09 
8.64 
8.16 
6.93 
6.53 
5.84 
5.52 
2.67 
1.87 
1.08 
Cum % (129 1) Grid 
21.42 3328C 
41.67 3022C 
52.76 30290 
61.40 1720C 
69.56 21230 
76.4 8 2 3227 A 
83.01 
88.85 
94.37 
97.04 
98.92 
100.00 
2528C 
1731C 
I 3327A 
9 3219C 
11 3326B 
19 2329A 
Table 3 Data pass 2: Areas with essen-
tial complement of Mariscus taxa within 
the set (no tie-breaking) 
Choice Taxa 
Step Areas essential compliment 
797 2 
2 89 2 
3 1079 2 
4 615 2 
5 67 I macropus 
6 914 lebomboensis 
7 1013 drakensbergensis 
8 544 cylindristachyus 
9 1252 solidus s. solidus 
10 1213 tabu/oris s. tabu/oris 
11 1251 tabularis s. major 
12 586 1 namaquensis 
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The second stage (data pass 2) checks the afore-mentioned 
areas for any that lack unique taxa within the set in order to elim-
inate redundant grid choices. In our example none were found. 
This is followed by an indication of how the choice of each area 
is justified by furnishing the number of unique taxa (essen tial 
complement) per area within the set (Table 3). When the essen-
tial complement of an area is a single taxon, its name is also pro-
vided. This is followed by a summ ary of all the taxa where the 
number of records in the data base and the number of represen ta-
tions achieved in the set of areas are given. For Mariscus, taxon 1 
(M. thunbergii) has been recorded in 34 areas of which two have 
been included in the set of areas, etc. (Table 4 ). 
Table 4 Data pass 2: Representation of 
Mariscus taxa (in taxonomic order) within 
the set 
Taxon Recs. Representations 
34 2 thunbergii 
2 10 tabu/oris s. tabularis 
3 II tabularis s. major 
4 drakensbergensis 
5 7 solidus s. solidus 
6 3 2 solidus s. bloubergensis 
7 8 3 owanii 
9 7 I grantii 
10 114 6 congestus 
II 35 2 keniensis 
12 33 2 laxiflorw 
13 2 1 cylindristachyus 
14 12 1 sublimis 
15 12 2 macer s. macer 
16 7 I macer s. magaliesmontanwn 
17 45 3 sumatrensis 
i8 19 3 macrocarpus 
19 5 breviradius 
20 4 vestitus 
21 40 4 pseudo-vestitus 
22 5 1 lebomboensis 
23 45 4 dubitts 
24 43 6 dregea1uu 
25 3 1 macropus 
26 19 2 indecorus 
27 56 2 rehmannianus 
28 19 1 namaquensis 
29 21 4 albomarginatus 
30 50 3 uitenhagensis 
31 18 2 chersinw 
32 33 4 capensis 
33 16 I confusus 
34 9 1 lichtenburgensis 
35 44 2 fu lgens 
36 3 I usitatus v. macrobulbus 
37 45 3 usitatus v. witatus 
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Table 5 Data pass 3: Resequencing of 
the Mariscus set by species richness. 
Representation by area with no comple-
mentarity or tie-breaking 
Rank Area Taxa Grid 
914 I 1 3227A 
2 797 10 2528C 
3 1079 10 3029D 
4 1251 9 3326D 
5 89 7 173IC 
6 544 7 3022C 
7 586 7 2329A 
8 67 5 1720C 
9 1252 5 3327A 
10 121 3 3 3219C 
11 1013 3 3328C 
12 615 2 2123D 
The third s tage (data pass 3) reorders the set of areas by their 
richness score, irrespec tive of complementarity. In Mariscus, 
grid 322 7 A is ranked first because it is the most species-rich grid 
(11 species) within the set (Table 5). 
A computationally unfeasible total itemization of a ll possible 
sets is entailed in order to find a true minimum set of areas. No 
guarantee is given for the above-mentioned methodology to 
obtain the absolute minimum set. It is, however, relatively rapid 
and easy of use, and permits the interactive search of alternate 
sets. In the graphical display of the final result (data pass 3), the 
so-called globally irreplaceable areas, those essen tial to any set, 
are shown in red . Using the given set of areas for Mariscus, 
WORLDMAP identifies grid 3328C as globally irreplaceable. 
This is due to the fac t that M. drakensbergensis Vorster is con-
fined to this area. Flexible areas within the identified set arc 
shown in orange. These areas correspond to those in Table 5 and 
could be exchanged for other areas outside the set, indicated in 
pale blue. Flexibility in area choices can be further investigated 
by also using informat ion on the essential complements o f taxa. 
Any redundant areas are shown in dark blue. 
The above compilation of a minimum set of areas forms a 
sound basis for further analysis of priority areas. Information on 
the essential complements of species, current or future threats to 
areas, and cost, can all be taken into account in determining sub-
stitutive sets. 
Conclusions 
Mariscus is currently no spectacular species in the conservation 
sense, as would be, for example, the panda bear. However, it is 
hoped that the analysis o f Mariscus serves to illustrate the inher-
ent pote ntial of WORLDMAP. The ability to use various diversity 
measures, to use complementarity in species composi tion be-
tween floras and the stepwise procedures for identifying optimal 
sequences of priority areas for biodiversity protec tion, all within 
one package, speaks for its elf. The minimum set option of 
WORLDMAP pro vides a further and innovative approach to the 
quest for prioritized conservation areas. Using W ORLD MAP less-
ens the subjectivity of selecting conservation areas and produces 
verifiable results. 
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Williams et al. (1991) mentioned that no single measure can 
succeed in maximizing scores for all of the criteria of diversity 
simultaneously. Furthermore, for the conservation of entire eco-
sys tems, complete species lists and cladograms are needed. 
These will not be available within the foreseeable future. Analys-
ing a single genus, as in the case of Mariscus, may therefore 
seem unproduc tive. However, the old cliche states: 'You have to 
crawl before you can walk.' WORLDMAP is most certainly a 
move in the right direction. 
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